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REMEDIATION OF THE CENTENARY COLLEGE PRESIDENT’S 
HOUSE
Abstract
A week after the New Year 2015, a fire started in the over 
125-year-old President’s House at Centenary College, 
Hackettstown, New Jersey.  Large quantities of water 
were used to put out the fire on that freezing night.  As a 
result, a roughly 22-foot diameter sinkhole opened near 
the back door, causing a fireman to fall into the collapse. 
Subsequently, approximately 1½ to 2 cubic yards of 
pumpable, flowable fill was placed into the sinkhole 
throat.  The house was a loss and demolished in the 
late spring of 2016, leaving the foundation in place. 
During long delays resulting from local zoning laws 
being somewhat different than they were in 1910 (when 
the house was moved to its present location), another 
sinkhole opened below the rear foundation wall and 
basement floor slab.  
Approval was granted to build a similar structure within 
the existing footprint of the historic home and the old 
foundation was removed in April 2016.  To support the 
new structure in an area known for sinkhole formation, an 
exploratory grouting program was employed.  45 probe 
holes were drilled and grouted with 88.4 cubic yards of 
site-mixed, fluid grout.  The subsurface conditions were 
erratic and difficult to model as the voids encountered 
were not large in size, nor very linear, but appeared to 
extend for distances beyond the house footprint.  The 
new structure was completed in 2016.  
Introduction
The President’s House was originally built as the 
Bright Stowe house in the “Millionaires Row” section 
of Morristown, NJ in 1890.  It was dismantled and 
moved by rail to Hackettstown, NJ, to a lot across the 
street from the College.  It was reconstructed in 1910 
and subsequently purchased by the college in 1945. 
Under the college’s ownership, it housed five college 
presidents, but has been used for meetings, gatherings 
and housing guests more recently.  It was gutted by fire 
in January 2015.
The authors have been involved in a number of sinkhole- 
and karst related projects for Centenary College (now 
Centenary University) in the past.  Therefore, it was 
no surprise when we were called to inspect a sinkhole 
that formed adjacent to the President’s house as a result 
of the large quantities of water used in an attempt to 
extinguish a raging fire. A firefighter reportedly fell into 
the collapse as it formed.  
We were asked to inspect and remediate the sinkhole so 
that demolition work could safely begin on the house. 
During our inspection, we also noted two depressions 
in the rear yard that may have been sinkhole precursors. 
The valley in which the college is situated is a 
geologically complex portion of the Valley and Ridge 
physiographic province of northern NJ.  There are a 
variety of sedimentary formations, many carbonate, 
with a glacially altered landscape.  As in most 
Appalachian Karst landscapes, the bedrock has been 
highly tectonized, leaving the bedrock faulted, fractured 
and folded with varying bedding and fracture angles. 
Solutioning in this hard rock environment is usually slow 
and additional solutioning is likely not of concern during 
the economic lifetime of most structures.  Therefore, 
karst remediation efforts are generally directed toward 
the existing conditions.  
The college campus is a little larger than a square mile 
in area and is mantled by residual and glacially derived 
soils atop at least three carbonate bedrock formations. 
In our previous experience at the campus and in the 
region, bedrock solutioning takes place along a complex 
set of bedding and fracture channels that, collectively, 
can account for significant overburden volume or grout 
losses.  Often times, the channel system includes cavities 
of significant size, but their extent is extremely difficult 
to determine because of their usually complex shape.    
The President’s House is on the northwest side of the 
campus and is mapped as being underlain by Flanders Till 
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atop Leithsville Formation dolomites.  The Leithsville 
has exhibited sinkhole formation at other locations in 
the region.  There was no specific drilling data or nearby 
outcrops of the bedrock in the area, so specifics such as 
bedding and fracture angles were unknown.  
The Middle to Lower Cambrian Leithsville Formation 
is described as light- to dark-gray and light olive-gray, 
fine- to medium-grained, thin- to medium-bedded 
dolomite. Grades downward through medium-gray, 
grayish-yellow, or pinkish-gray dolomite and dolomitic 
sandstone, siltstone and shale to medium-gray, medium-
grained, medium-bedded dolomite containing quartz 
sand grains as stringers and lenses near the base. Lower 
contact gradational. Thickness ranges from 0 to 56 m (0-
185 feet) due to erosion.” (Volkert et., al, 2001).
Sinkhole Remediation 
The sinkhole that formed was some 22 feet in diameter 
and 10 feet deep (see Figure 1).  Debris was removed 
from the sinkhole and water was introduced in order to 
develop the throat, which trended in a direction parallel 
with the side of the house.  No water returned.  Another 
suspected throat trending toward the center of the house 
did not accept the introduced water.  An old, likely 
abandoned dry well was adjacent to the sinkhole and 
roof drainage appeared to go underground, but did not 
lead to a receiving source.  
The following day, transit-mix, pumpable flowable fill (a 
high-cement content flowable fill available from certain 
suppliers) was placed in the sinkhole and its throat using 
a standard concrete pump (Putzmeister TK-15).  Some 
1½ to 2 cubic yards of the pumpable flowable fill was 
observed to enter the throat and the balance of the load 
was used to fill the resulting depression.  
Because the home had been in place since 1910 
without distress, sinkhole formation in this residential 
area seemed to be limited and our previous drilling 
and sinkhole remediation experience in the region, we 
suspected the bedrock below the site to have relatively 
small cavities as well as solutioning along an extensive 
and complex set of bedding and fracture partings.
Municipal Approvals
The foundation was left in place after the building was 
razed under the assumption that the foundation would 
be used for the new structure.  The foundation had 
no footings, just a cement block wall bearing directly 
on the residual soils, and the floor slab was thin and 
incomplete.  Only the fireplace foundation had proper 
support.  However, as a result of the current code 
requiring greater setbacks from the property line, the 
hope was to use the existing foundation to reconstruct 
the house as it was.  Otherwise, a much smaller house 
footprint would be required by code.   
Shortly after the building was razed and the debris 
removed, a roughly eight-foot diameter sinkhole formed 
in the basement, compromising the rear foundation wall 
and an interior foundation wall (see Figure 2).  
As the lack of footings and the loss of support resulting 
from the second sinkhole (Figures 2 and 3) precluded the 
use of the existing foundation, the college approached 
the town with a plan to construct a completely new 
structure within the existing house’s footprint.  
An extended series of meetings between school 
representatives, municipal officials, State and Federal 
archeological/historical personnel, engineering 
Figure 1. The sinkhole created by water used to 
fight the fire.
Figure 2. Sinkhole that compromised existing 
foundation.
 37115TH SINKHOLE CONFERENCE    NCKRI SYMPOSIUM 7
leading to cavities of relatively limited size.  Finding 
the target cavities would be difficult and the complex 
solution channel network could, collectively, account 
for a significant void area.  The flexibility of site mixing 
allowed changes in the grout mix to address changing or 
unexpected subsurface conditions.   
CGS provided the equipment and personnel to drill 
probe/grout holes and place site-mixed high-mobility 
grout under the technical direction of GS.  Probe/grout 
holes were drilled using air-track drilling equipment (TEI 
MME) mounted on a mini-excavator for accessibility 
reasons.  The drilling equipment utilizes a top-hammer 
with a carbide tipped cross-cut bit to pulverize the rock 
and air to remove the drill cuttings from the hole.  After 
the 3½-inch holes were drilled, 2⅝-inch steel casing was 
installed and a fluid grout consisting of Type I Portland 
cement, water, bentonite, and a foaming agent (to 
increase the grout volume) was pumped under gravity 
to light pressures.  When pressure built to the threshold 
of about 50 psi, the grout pipe was removed in stages 
as grout injection continued.  A hole was considered 
professionals, the architect and geotechnical consultants 
continued through the political battles and the design 
process.  The plans were changed throughout the process 
as these various groups interacted.  
Approval was finally received to build a similar structure 
within the existing footprint more than a year after the 
fire.  The only addition to the structure was a large ramp 
for handicap access and an elevator.  The old foundation 
was removed and Geoscience Services (GS) and 
Compaction Grouting Services, Inc. (CGS) were hired 
to remediate the subsurface soils and maintain a proper 
subgrade for the new foundation and buildings.  
Remedial Grouting Program
A remedial grouting program below the proposed 
footings, handicap ramp foundations and the elevator shaft 
were proposed, accepted and executed.  An exploration/
grouting program utilizing high-mobility, site-mixed 
grout was selected upon the basis of our expectation that 
there was a complex network of solutioned channels 
Figure 3. Sketch plan of site conditions prior to foundation removal.
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Grout Composition and Delivery 
Techniques
There are three crucial components for any high mobility 
grouting program to be considered successful at filling 
solution channels and mitigating future sinkhole 
development.  The grout must be capable of travelling 
far distances under low pressure while maintaining 
it’s designed consistency, it must be stronger and 
less-permeable than the soil substrate it is injected 
into, and it must be economical when compared to 
other remedial techniques.  These components are all 
primarily controlled by the mix design and the mixing 
and pumping procedures.
Developing an appropriate mix design was the first 
step to producing a grout that would meet all three 
crucial components.  For the subject grouting program, 
we used a grout consisting of Type I Portland cement, 
water, bentonite, and 50% (by volume) of a foaming 
agent for a theoretical unit weight of about 60± pcf and 
a compressive strength of about 500± psi.  A synthetic 
foaming agent (Aerlite-iX) was used for its increased 
bubble structure stability to ensure that the grout/foam 
volume was maintained during grout injection.  The 
bentonite and foaming agent were added as bulk filler 
and will impact the compressive strength of the grout 
mix significantly.  However, the benefits of increased 
mobility, mix stabilizer (cement particle suspension), 
and material (cement) cost savings far outweighed 
grouted when grout reached the surface from the annulus 
between the pipe and drilled hole, thus ensuring that the 
entire length of the probe hole had been grouted.  
In our experience, the grout mix used at this site is 
capable of travelling through openings in the subsurface 
laterally some 10 feet with little pressure.  Grout holes 
were placed with 10-foot or less spacing around the 
foundation perimeter to treat below the planned footing 
and elevator locations.  Additional areas outside the 
planned foundation were drilled and grouted for a porch 
and a handicapped ramp. Secondary grout holes were 
also drilled both within and outside the building footprint 
to check the efficacy of the grouting operations and to 
follow suspect trends revealed by previous drilling.
  
The penetration rates and the materials “blown” to the 
surface by air during grout hole drilling were used to log 
the holes.  However, air was often lost and penetration 
rates were all that was available for logging.  The probes 
indicated a thin (less than 8 foot) layer of silt/clay tills 
atop varying depths of clayey residual soils over a 
variably weathered bedrock surface.  Layers of soft soils 
and weathered to sound bedrock were inconsistently 
encountered at many depths and drilling indicated some 
narrow, near-vertical, open seams.  
In general, the holes were terminated after encountering 
at least 2 feet (depending upon encountered depth) 
of hard bedrock.  The bedrock surface was initially 
encountered at depths ranging from 1 to 12 feet below 
foundation grade. Grout hole final depths ranged from 
16 to 54 feet below foundation grade.  
Some 2,330 cubic feet (86.3 cubic yards) of grout was 
placed in the 45 grout holes for remediation below the 
foundation of the house as well as the planned deck and 
entrance ramp.  Three more probe-grout holes, drilled to 
depths between 29 and 46 feet below grade, were drilled 
in the two previously mentioned suspect areas near the 
northeasterly property line and fence.  Similar drilling 
conditions with soft soils were encountered in these 
areas, although no significant cavities were noted.  These 
three grout holes took 57.75 cubic feet (2.1 cubic yards) 
of grout to fill.  
The grout holes that took 50 to 100 times the theoretical 
hole volume were 3, 15, 16, 20, 22 and 48.  The grout 
holes taking more than 100 times the theoretical 
hole volume were 1, 2, 17 and 39.  The largest single 
grout-take was in Probe 2 at almost 11 cubic yards.
The exploration/grouting program took 3½ weeks to 
complete in the spring of 2016 (Figure 4).  Figure 4. Grout hole plan.
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Recommendations
Our report provided what we consider general 
recommendations for any construction atop remediated 
karst.  The recommendations below do not include 
specifics such as lateral earth pressures which are site 
specific.  
Surface runoff water permitted to enter the subsurface in 
areas with voids in the underlying rock due to changes 
in existing grades or open excavation for foundations 
and underground utility installation is the primary cause 
of sinkhole formation during construction operations. 
The following recommendations for site work and 
construction are intended to minimize the penetration of 
water into the subgrade:
•	 Minimize the extent of surface soil cutting, where 
possible, to maintain the present thickness of the 
compact overburden soils that have likely limited 
surface water penetration into the subgrade in the 
past.
•	 Grade and maintain exposed subgrade so as to 
move water away from excavations and prevent the 
ponding of water.
•	 Maintain positive drainage away from all existing 
and planned structures to prevent the ponding of 
surface water.
•	 Where foundation excavations or utility trenches are 
left open overnight, surface grading along trenches 
or other excavations should eliminate surface 
water flow into trenches.  In lieu of surface grading 
at trenches, pumping of the trenches to prevent 
ponding of water should be maintained until the 
trenches are evaluated by qualified engineering 
personnel and backfilled.
•	 Roof drainage should be piped away from structures, 
preferably into a storm water collection system.
•	 Clean crushed stone or other highly permeable 
materials should not be placed below grade to 
prevent the potential for water ponding in the 
subgrade.  Where fill must be placed to maintain 
grades in excavations, well-compacted on-site 
materials or Quarry Processed Aggregate choked 
with fines to reduce permeability (such as NJDOT 
I-5) should be placed and compacted to 95% of the 
maximum dry density obtained using ASTM Test 
Procedure D 1557.  Compaction of each lift should 
be monitored to verify that the required dry density 
is obtained.
•	 PVC sanitary waste lines normally specify a clean 
crushed stone bedding below and surrounding the 
pipe within the trenches.  We recommend the use 
of a low-permeability alternative bedding material 
such as NJDOT I-5.
•	 To preclude the infiltration of surface water into 
the reduction in compressive strength.  Even with the 
addition of bentonite and the foaming agent, the grout 
theoretically remains stronger and less permeable (non-
permeable) than the surrounding soil substrate, thus 
reducing the potential for existing and/or new solution 
channels forming and/or further develop leading 
to continued soil piping and raveling.  It should be 
understood that the volume of grout injected to fill voids 
and/or solution channels is more critical to a successful 
high mobility grouting program than the compressive 
strength of the grout as long as it is stronger than the 
weakest substrate (soil).
To ensure proper production of the designed grout mix, 
an on-site batch plant consisting of a high shear colloid 
mixer (ChemGrout CG600) was used.  A high shear 
mixer is crucial to proper hydration and full suspension 
of the cement particles.  The water, bentonite, and cement 
were mixed in the mixing tank and then transferred 
to a holding tank where the foaming agent is added. 
Typically, the foaming agent is added in the holding tank 
where only an agitation paddle is used for blending so 
that the foam’s “structure” is not compromised.
As part of the ChemGrout CG600 grout batch plant, 
the grout pump used for injection consisted of a high 
pressure dual piston pump capable of reaching pumping 
pressures of 1,000 psi.  Although this high of a pressure 
was not required at the point of injection, a high-pressure 
pump is necessary considering potential head pressure 
(pumping to a higher elevation) and overcoming friction 
loss in longer grout hose runs.  This high-pressure pump 
also ensures a continuous supply of grout during the 
injection process.
Considering the high-pressure capabilities of the grout 
pump and the potential for hydrofracturing the subsoils 
and/or bedrock, full time monitoring and control of 
injection pressure were employed.  A low pressure (0 to 
500 psi in 10 psi increments) gage was affixed inline to 
a T-head at the point of injection.  The gage was used 
to monitor the injection pressure and if the pressure 
threshold of 50 psi was reached, the return line was 
opened at the T-head to allow grout circulation.  Upon 
determining that no further production injection at or 
below 50 psi was possible (which included slowing the 
injection rate to match takes), the stage was terminated 
and the grout casing raised.
Grout injection quantities per stage were determined 
from grout level drop in the holding tank, a count of the 
pump strokes (which had been calibrated) and verified 
by the number of cement bags used for batching.  
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Counties, New Jersey, USGS Geologic Map 
Series GMS 94-1.
below grade trenches, the upper two (2) feet of the 
excavation should be filled with low-permeability 
materials compacted to at least 90% of the maximum 
dry density obtained using ASTM Test Procedure D 
1557 in non-structural areas and to at least 95% in 
structural areas.  
•	 Materials selected for other utility piping systems 
that may be installed below grade or building slabs 
should be designed to have adequate strength, 
flexibility and corrosion resistance to prevent 
leakage during service.
Conclusions
The results of the probe hole drilling and grouting 
program indicated the solutioned openings in the bedrock 
were discontinuous, but did trend in a northeasterly/
southwesterly direction; roughly parallel to the local 
geologic “grain” or orientation.  It appeared that the 
vertical extent of these “thin” cavities was greater than 
their lateral extent as very few of the secondary and 
tertiary grout holes encountered previously placed grout. 
Considering the small footprint of the area remediated, 
and the drilling conditions encountered, the large grout 
takes seem to result more from a complex network of 
solutioned channels formed along bedding and fracture 
partings than to any large cavities.
Our report concluded “In our opinion, the remediation 
performed for the sinkholes and support of the planned 
structure sufficiently filled the subsurface voids and 
cavities created by the overburden soils eroding into 
cavities in the underlying, solutioned bedrock.  We urge 
continued monitoring of the general area for any possible 
future subsidence.”  
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